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(3) Device for sensing respiration movements. 

(g) A device for indicating the respiration movements on a recorder, without being affected by external 
pressure, comprises at least two piezoelectric transducers (7, 7') which are built oppositely each against 
the other, embraced by a metallic member, and a membrane (8) possessing a wave-like shape. The 
entire device is enclosed in a housing (2) open at its two ends. Upon stretching said membrane (8), the 
piezoelectric transducers (7, 7') generate an electric signal, according to the respiration movements, 
any external pressure being cancelled by the action of the transducers. The electric signal is indicated 
on a strip chart recorder. The device has the advantages of prolonged use time and very high sensitivity 
which imparts high accuracy and therefore provides correct respiration data. 
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The present invention relates to an improved 
device for indicating the respiration movements. More 
particularly, the invention relates to an improved 
device which provides a non-quantitative but accurate 
indication of the respiration movements of a person 5 
without requiring a direct skin contact thereon. 

BACKGROUND OF THE INVENTION 

The problem of getting an indication on the respi- 10 
ration movements of a person is quite important. Fre- 
quently, it is required to monitor a patient breathing 
and to actuate an alarm means when the respiration 
ceases. 

There are various devices for providing this indi- 15 
cation. A well-known device comprises a rubber tube 
which is filled with mercury, or a saline solution, and 
closed at the two ends. The tube is fitted around the 
chest of a patient, the indication of respiration move- 
ments being obtained by determining the voltage gen- 20 
erated accross the tube when a fixed current is 
passed through it. The content of the tube acts as a 
variable resistor, the resistance of which changes as 
the tube is stretched or contracted upon breathing. A 
similar device was later on developed in which said 25 
tube contains a solid substance such as graphite pow- 
der instead of a liquid. The main disadvantage of 
these devices is the fact that the resulted generated 
voltage is incorrect since it includes also the pressure 
of the body on the tube. Furthermore, since the elastic 30 
tube is not so robust, sometimes it can be ruptured, 
the liquid or powder going out therefrom and thus pro- 
viding- inaccurate results from the signal obtained. 

Another group of devices for the respiration 
movements indication, is based on two small elec- 35 
trades which can be taped on the chest of the patient 
in contact with the skin while an electric current is pas- 
sed between them. A varying voltage is detected, 
which varies with the breathing movements due to the 
varying resistance of the chest wall itself Among the 40 
main disadvantages of these devices it should be 
mentioned the requirement of a direct contact with the 
skin, i.e. a prior removal of the clothes, which in 
emergency or casualty situation is actually impossible 
and of course there is a danger of electrocution. 45 

A more interesting device was later on developed 
which does not require a direct contact with the skin 
and can be attached outside the clothing. According 
to this device, as described in the U.K. Patent No. 
2,181,555, a piezoelectric transducer is mounted on so 
a flexible support in such a manner that it can be bent 
and will generate an electrical signal in response to 
the displacement of a patient's chest during brea- 
thing. The main disadvantage of this device is that 
during its stretching, the flexible support with the 55 
piezoelectric transducer become concave to fit the 
shape of the body so that the electrical signal which 
is recorded is not a true representation of the stretch- 



ing forces but is rather a result of the bending forces 
due to respiration movements. Furthermore, the 
results will be completely inaccurate in case that an 
external perpendicular stress not connected with the 
respiration movements will be present. This might 
occur, for example, while a person is moving during 
sleeping on a solid member, such as his own hand. 

A quite similar device is described in the PCT 
Patent Application AU 85/00163. According to this 
device, it is claimed a sensor provided with a flexible 
member and an elongated rigid member disposed 
thereon. A piezoelectric transducer, is disposed with 
one end of the rigid member. The disadvantage of this 
device is, again, the fact that the sensor will provide 
also other external stresses on the sensor which are 
not connected with the respiration movements. 

The above brief review shows the long felt need 
for an improved device which will provide an accurate 
indication of the respiration movements and will not 
be influenced by external factors. 

It is an object of the present invention to provide 
a simple device for obtaining a true indication of the 
breathing movements.lt is a further object of the pre- 
sent invention to provide a simple device which indi- 
cates only the breathing movements and does not 
require its direct contact with the skin. It is yet another 
object of the present invention to provide a simple 
device which is capable of sensing accurately the res- 
piration movements with the influence of artifacts due 
to bending or pressing forces other than the stretching 
forces that are applied by the respiration movements. 

BRIEF DESCRIPTION OF THE INVENTION 

The invention consists of a device for indicating 
the respiration movements on a recorder, without 
being affected by external pressure, which comprises 
at least two piezoelectric transducers mounted on a 
metallic member enclosed in a housing, each pair of 
said transducers being built oppositely each against 
the other, and a membrane possessing a wave-like 
shape which its tangency creates angles of at least 5° 
in alternating directions, said membrane being 
stretched at the two ends to a flexible band for provi- 
ding an elastic belt-like member surrounding a 
patient's clothing, the external pressure being cancel- 
led by the action of the differentially transducers, the 
device generating an electric signal, according to the 
respiration movements, said signal being indicated on 
a recorder. The recorder may be any strip chart recor- 
der possessing a high in put resistance such as a com- 
mon electroencephalograph or any other known 
instrument as used in sport activities. 

According to one embodiment, the membrane is 
located between the two piezoelectric transducers. In 
this manner, the alternating angles transform the 
external stretching resulting from the respiration mov- 
cements into pressing and bending the transducers. 
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According to another embodiment, the mem- 
brane is located on the external side of one of said 
piezoelectric transducers, in which case said angles 
are located on the external side of the membrane, 
causing bending the transducer upon streching the 
belt. 

The elastic belt-like member is provided with 
attachment means at its two ends by adhesive tapes 
or any other fastener means. 

According to a most preferred embodiment, the 
entire device is located in a housing, open at its two 
ends, the entire space being Tilled with an elastic con- 
stituent such as glue, any type of silicon rubber, etc. 

The electrical output from the two piezoelectric 
transducers is fed to a low pass filter from which it is 
transferred to a voltage divider producing a desired 
output signal range. This signal is supplied to a cable 
leading to a pair of plug-type connectors linked with a 
recorder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood, and 
other features and advantages thereof will become 
apparent from the description given below of an 
exemplary embodiment of the invention, in which: 

Figure 1, is a cross-section of the device wherein 
the membrane is located between the two piezoelec- 
tric transducers, enclosed in a housing. 

Figure 2, is a cross section of the device wherein 
the membrane is located outside one of the 
piezoelectric transducers, enclosed in a housing. 

Figure 3, is a view of the internal construction of 
the device which appears in Figure 1. 

Figure 4, shows 3 graphs which illustrate the cur- 
ves of respiration signal recorded by a recorder con- 
nected to the output of the signal conditioning circuit, 
wherein only graph C Is that of the device according 
to the present invention, the other two graphs being 
presented only for comparison purposes. 

One of the advantages of the device according to 
the present invention is the presence of two 
piezoelectiic transducers and said membrane with a 
wave-like shape which its tangency creates angles of 
at least 5° and preferably above 20°, which cause that 
only the respiration movements on the length axis 
would impart the electric signal, the differential con- 
struction suppressing the stresses provided from any 
other source. It was found that the minimum angle of 
5° for the tangency of the wave like shape in the said 
membrane is quite critical in order to achieve the dif- 
ferential effect according to the present invention 
which will be very sensible to stretches but not sens- 
ible to perpendicular stresses or accelerations due to 
the body movements. Another advantage of the pre- 
sent device is its rigid shape which imparts a pro- 
longed use time. 

Referring now in more detail to the attached draw- 



ings, in Figure 1 it can be noticed the two piezoelectric 
transducers (7 and 7'). welded oppositely on a metal 
sheet, separated by a membrane (3) possessing a 
wave-like shape with a series of angles (a) of above 

5 20°. The two ends of the membrane (8 and 8') are 
streched so that the angles are substantially elimi- 
nated thus forming a belt-like which is elastic to bend 
but not to stretches. Typical examples of materials 
useful for the belt are selected from known common 

w plastic materials which are elastic such as PVC, 
polyethylene, polyamide, etc. The device is enclosed 
in a housing {2} open at its two ends, the entire space 
being filled with a common resilient constituent such 
as glue or silicon rubber. Two electrical leads (4 and 

15 5) extend from the side surface of the metallic mem- 
ber (Figure 3) embracing the piezoelectric transduc- 
ers. In Figure 2, said membrane is outside one of the 
piezoelectric transducers. 

In either one embodiment, the transducers are 

20 driven by the membrane through said resilient filling 
medium. 

In Figure 3 it can be noticed the two undesired 
perpendicular forces FP1 and FP2 which are equal, 
causing that same stresses will result and therefore 

25 are eliminated due to the differential addition. These 
two forces are acting onto the two piezoelectric trans- 
ducers (7 and 7') separated by the membrane (3) with 
the wave-like shape. The two electrical leads (4 and 
5) are also shown. The two longitudinal forces FL1 

30 and FL2 are applied onto the belt according to the 
expansion of the chest during the respiration move- 
ments. As a result of these forces, the two piezoelec- 
tric transducers will act in the same direction and thus 
will impart the resulted voltage to the electrical leads 

35 connected to the metallic member. 

In Figure 4 threre are presented three graphs 
which show the curves of respiration movements of a 
same person, as obtained on the same recorder, whe- 
rein: 

40 Graph A illustrates the curve obtained with a 
device comprising two piezoelectric transducers with- 
out a membrane (for comparison purpose). 

Graph B illustrates the curve obtained with a 
device comprising only one piezoelectric transducer 

45 with a membrane possessing the specific wave-like 
shape (for comparison purpose). 

Graph C illustrates the curve obtained with a 
device according to the present invention. 

In the Graphs A and B the artifacts regions (15 

so and 16) clearly appear. In Graph A, the device used 
contained two piezoelectric transducers but without 
the membrane, while in Graph B the device used con- 
tained the membrane (as used in the present inven- 
tion) but only with one single piezoelectric transducer. 

55 As appears in a clear manner from the three graphs, 
it is only with the device according to the present 
invention, as shown in Graph C, that the artifact reg- 
ions do not exist due to the membrane with its wave- 
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like shape. It is only in this case that the perpendicular 
forces are eliminated and in this manner the respi- 
ration movements alone will provide a true represen- 
tation. 

Among the advantages of the device according to 
the present invention, in addition to the true represen- 
tation of the respiration movements, It should be men- 
tioned the fact that it is not necessary to remove the 
patienfs clothes and only a firm contact between the 
device and the clothes on the chest area will be suffi- 
cient to obtain an accurate graph representation.This 
firm contact may be achieved by connecting the ends 
of the two bands by adhesive tapes or any other fas- 
tener means. 

Another advantage of the device results from its 
rigidity construction due to its mode of operation, 
which does not require its bending even when the belt 
is applied onto a large circumference. In this manner 
it can be easily installed in a protective rigid housing. 
As will be realized, any bend of the belt will impart sig- 
nificant inaccuracies in the signal produced on the 
recorder. 

The device for indicating the respiration move- 
ments according to the present invention, does not 
incur any encumbrance to the person on which it is 
applied, has extremely high sensitivity and yet is of 
simple and inexpensive construction. It is self-balanc- 
ing and particularly easy to install and operate to pro- 
vide highly accurate and useful respiration data. 

While the invention has been described in con- 
nection with certain preferred embodiments, it will be 
understood that it is not intended to limit the invention 
to those particular embodiments.On the contrary it is 
intended to cover all alternatives, modifications and 
equivalents as may be included in the appended 
Claims. Some specific components figures and types 
of materials are mentioned, but is is to be understood 
thatsuch component values, dimensions and types of 
materials are, however, given as examples only and 
are not intended to limit the scope of this invention in 
any manner. 



action of the differentially transducers the device 
generating an electric signal according to the res- 
piration movements, said signal being indicated 
on a recorder. 

5 

2. The device according to Claim 1, wherein said 
membrane is located between the two piezoelec- 
tric transducers. 

10 3. The device according to Claim 1, wherein said 
membrane is located on the external side of one 
of said piezoelectric transducers. 

4. The device for indicating the respiration move- 
15 ments according to anyone of claims 1 to 3, whe- 
rein said angles in the membrane are above 20°. 

5. The device for indicating the respiration move- 
ments according to anyone of claims 1 to 4, whe- 

20 rein said housing is filled with an elastic material. 

6. The device for indicating the respiration move- 
ments according to claim 5, wherein said elastic 
material is selected from glue and silicon rubber. 



Claims 

45 

1 . A device for indicating the respiration movements 
on a recorder, without being affected by external 
pressure, which comprises at least two piezoelec- 
tric transducers mounted on a metallic member 
enclosed in a housing, open at its two ends, each so 
pair of said transducers being built oppositely 
each against the other and a membrane posses- 
sing a wave-like shape which its tangency 
creates angles of at least 5° in alternating direc- 
tions, said membrane being streched at the two 55 
ends to a flexible band for providing an elastic 
belt-like member surrounding a patienfs clothing, 
the external pressure being cancelled by the 
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